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sumxaht 



This thesi3 presents a study of the problem of impi'oving the 
lift characteristics of a oupersonio wins low speeds. Trailing 
edge split flaps, nose flaps, and boundary layer control were in- 
vestigated singularly and together using the optimum configuration 
of each. . 

Results indicate that tho nose flap has an appreciable effeot 
on preventing separation and thus increasing the lift. Split flaps 
give an increment of lift as would be expooted. The boundary layer 
control consisted of blowing a sheet of high velocity air baok over 
the top surface of the wing with very definite improvements of the 
lift and drag characteristics. 

The work on the blowing technique, it is suggested, indicates 
sufficient premise to warrant much further study. The relatively 
large increment of lift that oan bo attributed to the prevention of 
flow separation at high angles of attack suggests that such boundary 
layer control could be used to improve controlability and to delay 
the stall, particularly tip stall, of high spoed aircraft with very 
large sweep back angles. 
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I. DIG CUE '.,10*,' OP ?B03L.%'5 



Currently the double circular arc or wedge airfoils h&vc shown 
considerable premise for high speed airplanes. These symmetrical 
wing sections are charaotorisod by sharp leading and trailing edfeos 
necessary for flight at the higher ’^aoh numbers. The shape and the 
sharpness of the airfoils, however, affect the maximum lift in an 
undesirable manner at low speeds. Consequently, as the wing loading 
is increased by structural requirements, fuel and power plant weight, 
etc. , tho problem of maximum lift of the high 3peed sections has be- 
come more important particularly with respect to landing and lo 1 ./ speed 
fl ight. 

The lift characteristics of high speed airfoils could be improved, 
it was felt, by trailing odge flaps, nose flaps, and by boundary 
layer control, along with still other means. From existing data, 
it appears that the increment of increased lift that one could expect 
from trailing flaps was not enough to reduce the landing speed of a 
supersonic airplane sufficiently. The use of boundary layer, although 
much unrelated experimental data exists, (see table of references) as 
a naans of increasing the lift and reducing the drag of wedge or 
circular arc airfoils has not been fully exploited. At least the 
roports of such work are not available. The Germans have investigated 
the nose flap and it appears to show considerable promise in delaying 
separation , thus being effective in air maneuvers a3 well as in 
low speed flight. 

The use of boundary layer control as a means of improving the 
flight qualities of an airplane has in the past not been generally 
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practicable. The aircraft reciprocating engine has not been parti- 
cularly adaptable to such an installation to say nothing of the weight 
considerations, structural difficulties, or ducting oor.pl ications. 
Also, the roquironeiit of a great jump in the lift increment has not 
been sufficient to warrant solution of the aforementioned problems. 

■ith the advent of the jet power plants has cone the requirement 
that the r.p.n. not be roauoed below a certain minimum value in order 
to naintain the fire in the burners. Consequently, the pilot of the 
current jet planes is handioapped in landing since considerable power 
must be maintained in order to assure that he can take a wave off 
if n 9 oessary. This problem is acute in the carrier landing. The 
use of boundary layer control on the jet airplane whero necessary 
is felt to be feasible since the power and the pump are available. 

The axial flow turbine type engine could aocommodate a boundary layer 
blowing system nioely. The turbine compressor while supplying air 
to the boundary control blowing system would necessarily have to be 
operated at a relatively high r.p.n. to maintain enough air flow to 
the burning chamber. This type of system would provide a higher 
lift coefficient, less axial thrust, and would permit greater 
acceleration of the airplane sin 00 the power is more readily avail- 
able. 

The existing data on boundary layer studios, although not 
directly applicable to this thesis, seem to indicate that suction 
of the boundary layer is more effective than bl owing. However, 
it should be pointed out that it is more difficult to maintain 
negative pressure than positive pressure. Most of the available 
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reports deal with boundary layer control or improvement on. low speed 
conventional section wings or wing flap combinations and almost all 
use low pressure systems. 

W. Sohwier at Goettingen (rof. 1) has done considerable work 
on the blowing technique. Using an &ACA 23012-64 airfoil and blowing 
air out immediately ahead of the flaps and immediately behind the 
hinged nose, he reports the following results* 

Plain flaps, defleotion ■ 46° 

% 

No air blown, Cq • 0 ^Iciax * 

at C Q » .020 Pl,^ = 3. 70 

Corresponding values for slotted flap 
No air blown, Cq » 0 C Irvax * 2,33 

Cq ■ .020 c Li K ax " 

Using a 9 % wing (ref. 2) with a slot-flap and a slat ho reports? 
With open slat, deflected flap 
No air blown Cq * 0 0^ " 1.86 

at Cq » .025 Cl *= 3.5 

/ 

The nose flap (rof, S) used with a high-speed seotion has shown 
considerable increase of the maximum lift. The effoot of this high- 
lift device can be explained by the faot that at a suitable deflection 
angle the front stagnation point of the flow will be displaced quite 
near the leading edge of this flap. This effect diminishes the 
considerable super velocities observed near the leading edge of the 
high speed profile at high angles of attack. Thus the steep pressure 
rise behind the leading edge is reduced and tho stalling is delayed 
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bo higher angles of attack. The stalling charactoris tics of high 
speed profiles with nose flaps become similar to thoso of normal 
leading ed^e radius. 
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' '• h escrlpti o i of the model s 



id olatos v/ore used to [hvo a Li her aspect ratio* 



used Lor tho nrolirni.iury survey. 



'odd Xi was r-ade of 0.10 
inch phooohor bronsc plate 3 
solderod or screwed to tho ribs 
and end plato c (« ir>. l). Tho 
modclb surface ms sealed cx- 
oeot at the slit* air v»as 



both end supports and blov/n 



out over tho too surfaco fr ar- 



il oca tod at tho 15; chord lino. 



number of one could be roachod in tho slit. This feature assured 
an even spamviso distribution of flow across tho model. 

Tho air ms conducted into the model { "iy. 2) in the tunnel 
through nocs attached rip, idly to the end plates. These pipes v/ero 







taken into the ~>odol through 




the soan-^ice slit which was 



odel II shov/i nr support tube $ 
fairing, and flexible hose. 



It ./as uececcar* r to put 0.005 inch shins at 1-1/2 inch stations 






attached fairings 



Coft rubber hoses on cl one .1 in a rind in.ro coil 



soring, of sufficient longth to orevont external 



forces fren being 



transmitted to the model, were attn ohe d 
to the outboard one's of the support oipes. 

Air ins piped to both sidoe of 
the tunnol through a settlin'*; tank to 
reduce the oil vapor content, fotn- 
strean fro~. the tank a J-otancter f Ion- 
gape was used to measure the quantity 
of flow. 

-VoGsuro tapa v/oro provided at 
four stationr. snanwiso across the 
model. fro s sure gages v/oro located 
on the tank* at the Lotonoter, and 
at a point just outside of the tunnol. 




Tomoo nature of the air was noasurel botanoa 



the tank an." tko 



flov/ meter by means of a the moneter 
Sol it training edge flaps of 25"' 
ohord length with 15, 50, 45, C9, and 
70, degree deflection and nose flaps 
of 10 chord lou-tl. with 90, 120, 135, 
130, and 1G0 degree deflections v/oro 
provided. The flaps vie re attached to 
the -'odol with screws and scotch tape. 




rota- inter , settling tank 
the rr. one ter and nrcccuro 
gage installation. 
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3. Corrections of Measurements 




The drag correction for Model X was ascertained by using the 
inage system method, Circe Model II 'was essentially the sane as 
* 7 odel I except for the end plates and the slit, the drag correction 
was determined by making similar runs and comparing the data. It 
was assumed that the difference in the drag at various angles of 
attack was due to the end plates and nodal support interf jrence, 
and the air connection fittings on the end plates which were not 
faired. The drag correction obtained in this way turned out, with- 
in the limits of accuracy, to be a constant for all angles of attack. 

Tare moment correction runs were made with both models. In 
order to duplicate operating conditions with Model II the air lino 
between the flexible hose connection and the model was blocked and 
44.7 psi absolute pressure was maintained in the line. 

C. Procedure 

The experiment was carried cut * 
at tho C. I. T. -Merrill (24 x 48 inch) 
wind tunnel located at the Pasadena 
Junior College. 

The usual work was divided essen- 
tially into two part3 in order to mini- 
mize delays. The first part consisted 
of preliminary work with -odel I during 
the period that -odd II was being con- 
structed. Model 1 was used, with good 
success, to investigate the boundary 
layer sopa ration; the most promising 
flap configurations and combinations 




and the basic corrections and nolars for thu experiment. In the 



second part no del II vjas used to check the optimum configurations 
as found in Part 1. The effect of 
boundary control on these confix ra- 
tions was investigated, 

a) Part I O'odel I) 

A tuft survey (Pigs, 3 to G) 
and a total head pressure investi- 
gation (Figs, 7 to 9) was conducted 
in order to approximate the slit 
position on ’odel II, These surveys 
clearly indicate that separation of 

the flow began at the sharp leading ’todel I installation 3 

trailing edge flaps 

edge and progressed aft as the angle 

of attack was increased. It was decided therefore, to locate the 
sliu on kodel II as far forward as possible, ^ue to the shape of 
the nodel and internal clearance requirements , the slit was located 
at tho 15/ chord line. 

Complete runs measuring lift, drag arid Ditching moment were 
made with odel I. The first runs v/ere made without flaps at both 
positive and negative increments of angle of attack (fig, 10) in 
order to got the basic curves for comparative purposes, series 
of runs were made using trailing edge flues cnly (fig. 16) and com- 
parison of the data 'indicated that the 60° flap configuration was 
the optimum. Funs were made using the various nose flaps showing 
150° deflection to be the optimum ("im 11 ). The runs of combined 
flaps wore started using a trailing flap deflection aid a lose flap 




defleotion of GO and 150 degrees respectively. The flap configuration 
was varied to check the best combinations (Fig. 12) 

b) Part II (Model II) 

A complete run without flaps or blo’-ving was made with Model II 
to compare the basic lift, drag and pitching moment with Model I, 

The wing without flap but with air blowing from the slit was run at 
24.7, 34.7 and 44.7 p3i absolute pressure. Sinco it was apparent 
(Fig. 15) that the 44.7 psl pressure gave the best relative results 
this pressure was used in all the succeeding blowing runs. As could 
be expected, Cq at the various pressures used had little variation. 

At 44.7 , 34.7 , 24.7 psi absolute the values of the discharge coefficient 
( Cq) were 0.0070, 0.0064, and 0.00634 respectively. Deformation of 
tho slit opening and structural consideration prevented tests at 
higher internal pressure*. 

Separate runs were made with trailing edge flaps (Fig. 19) and 
nose flaps at - 0.0070 to check the optimum separate flap deflec- 
tions as indicated by Model I. Then runs were made with both flaps 
installed. Various combinations of the flaps were investigated to 
find the optimum configuration (Fig. 20 ). 

During the runs when air was being blown from the model slit 
the pressure at the Kotameter wasmaintained constant and continuous 
readings of the air temperature and the quantity of flow wore recorded. 
The pressure in the model was read at four stations and was found to 
be constant. Since the lines from the model to the Rotameter were 
relatively short and the diameters of the lines were large compared 
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to the slit area a pressure loss in the lines could not be detected 
All pressure gages were calibrated just before being installed. 



D. Computations 

The dynamic pressure of the tunnel was computed using the readings 
of static pressure difference and the tunnel calibration curve. The 
tunnel velocity was computed using the average value of dynanio pressure 
Cl 3. 3 lbs. ft^) although the dynamic pressure was essentially oon6tant. 



q 0 l/2 pV 2 

'■[?r 



2 x 13.3 
.002578 



1/2 



106 ft/sec 



The coefficients of lift, drag, and oitching moment were computed 



as follows: 
Lift 





Pitching Ibment 



(^50 



M - m 

q S o 






1/ 4 



c 



D 



qS 



'D 



-t 



Velooity (v s ) in slit. 

v 2 + 2 -2- £. ■ 9 ^ Po 

•»-l P ■* -1 ^7 
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but £o - RT 0 
Po 




P Po 



V => 

s 




1/2 



(2) (1.4) (1716) (550) 

1.4 - 1 




1/2 



1340 ft/sec 



The coefficient (C n ) was used as a ratio of the volume of air 
blown out to the volume of air that would be swept out by an outline 
of the plan form of the wing set at 90° to the air stream. 

c~ » SL. 

■* vs 



Since the Sotoraeter was designed for standard conditions the 
following correction was made as per instructions supplied vd.th the 
instrument and 0^ was computed 



Q - Q r 



14.7 x £o__ 

Po 530 



for p 0 » 44.7 

n » 18.1 

60 



44.7 x 530 

14.7 550 

i. J 






Q D 0.517 cu.ft. see. 



C r » 'JH1 • 0. 00702 

H 106 x 0.695 



Average “ 18.1 c. f.n. 
T 0 ■ 550° abs 



for p Q = 34.7 
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18.7 

60 



Average Qp ■ 18.7 c.f.m. , 



r\ 



34.7 530 

14.7 * 549 






'£ » 549 

o 



0 = 0.472 



for = 24.7 
4 o 



C - — dlL . — « 0.0064 

3 106 x .695 



Q - 22^0 
60 



24.7 

14.7 



630 ] ^ 



Average Qp » 22.0 



T 0 - 548 



Q - 0.437 

C ( , » — d£L » 0.00634 

* 106 x .695 
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III. results a:;d conclusions 



A. Results 

A comparison of results is presented in the following tabular 

forms. 

The first table presents tho maximum lift ooofficient and the 
corresponding drag coefficient for each of the best run3. The in- 
crement of maximum lift and drag coefficient ( , A Cq) are the 

differences between the lift and drag coefficients for the unflappod 
wing at C n * 0 and the lift and drag coefficients for the flapped 
and or blowing wing. 

TABLE I 



»ing Configuration 




at ° L nax 


% increase 


Nose 


Trailing 


Po 


CQ 


C 


c L 


c D 


a Cl 


A C D 


cl 


CD 


a 


0 


0 


0 


0 


10 


.803 


.166 


0 


0 


0 


0 


0 


0 


60 


0 


0 


6 


1.68 


.40 


0.37 


. 2 o 


107.5 


139 


-.40 


o- 


60 


44.7 


0. 0070 


10 


1.94 


.45 


1.13 


.28 


140.0 


167 


0 


150 


0 


0 


0 


15 


1.09 


.210 


.28 


.044 


33.4 


26.5 


50 


0 


0 


44.7 


0.0070 


16 


1.28 


. 230 


.47 


.116 


58.2 


70.0 


SO 


150 


60 




0 


9 


1.90 


.430 


.09 


.264 


11.1 


159.0 


-10.0 


150 


60 


44.7 


.0070 


12 


2.18 


.480 


1.37 


.314 


170.0 


189.0 


20.0 


120 


60 


44.7 


.0070 


24 


2. 35 


.550 


1.54 


.384 


190.0 


231.0 


140.0 



It is noted that the preoent drag increase is greater than tho percent 
lift increase. However* at the higher lift coafigu rations the greater 
dram increment is due to the flattening of the drag curve near the 
stall and in particular, where blowing was used, to the great increase 
in angle of attack. 
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A more favorable comparison is presented in tho second table. 
Here the increase of the lift and drag coefficients and the angle 
of attack due to blowing is shown for each configuration, of flaps. 
It is noted that boundary layer control by blowing inoreasos tho 
lift coefficient of all the wing configurations tested. 

TABUS II 



fling Configuration 


CLmax 




* increase 


**080 


Trail in 


Po 


cq 


C 


C L 


C D 


aCl 


ACp 


cl 


CD 


a 


0 


0 


0 


0 


10 


.008 


.166 


0 


0 


0 


0 


0 


0 


0 


24.7 


.0063 


15 


1.08 


.225 


.27 


.059 


33.4 


35.6 


FO 


0 


0 


34.7 


.0064 


16 


1.20 


. 25 


.39 


CO 

o 

a 


48.3 


48.2 


SO 


0 


0 


44.7 


.0070 


16 


1.28 


. 26 


.47 


.09 


53.2 


54.2 


60 


0 


60° 


0 


0 


6 


1.68 


.40 


0 


0 


0 


0 


0 


0 


60° 


44.7 


.0070 


10 


1.94 


.45 


.26 


.05 


15.5 


12.5 


67 


150° 


60° 


0 


0 


9 


1.90 


.430 


0 


0 


0 


0 


0 


150° 


60 


44.7 


.0070 


12 


2.18 


.480 


.28 


.050 


14.7 


11.6 


33 



B. Conclusions 

The data indicates thati 

1. The slope of the lift curve was essentially oonstant for 
all conf igurations o f the wing tes ted. 

2. There is an appreciable increase of angle of attack and 
lift when the nose flap, alone is used. 

3. Trailing edge split flaps increase tho lift of this wing 
as would bo expected. 
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4. The combination of 11039 and trailinj ed^e flap3 on the wing, 
while giving a great increase in lift, caused the wing to stall at 
about the some angle of attack as the stall angle for the basic wing, 
Tho addition of the jet boundary layer control to tho flapped wing 
increased the angle of attack appreciably and thus increased the lift. 

6. The boundary layer control by blowing i-np roves the wing 
characteristics sufficiently to warrant much further study. It 
should be noted that the model was tested with the jet slit located 
at the 15 percent wing chord lino and at a coefficient of discharge 
of air of 0.0070. It is suggested therefore, that further tests 
be made with the current model. The optimum, position of the jet 
slit and the most practicable value of oould be investigated. 
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